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Abstract 
A helium inlet and dummy joint between conductors are one of the most important elements of the winding pack of the ITER 
PF -1 coil double pancakes. A helium inlet is used for letting liquid helium into the PF-1 coil conductor. A full-scale helium inlet 
sample for fatigue tests and the respective tooling were designed and manufactured. Fatigue tests of the full-scale helium inlet 
sample were conducted in accordance with ITER requirements testing parameters in order to check the fatigue strength of the 
structure. Before the fatigue tests thermo-cycling of the helium inlet in the temperature range of 77 to 293 K was conducted. 
Before and after the fatigue tests the leak tightness of the full-scale helium inlet sample was validated by the vacuum chamber 
method. A low ohm electrical joint is used to connect two NbTi «CICC» conductors of PF-1 coil into a single electrical loop. To 
qualify the design and technology of manufacturing of the electrical joint, a full-scale dummy joint sample was developed for 
fatigue tests at 77 K. The main design feature of the full-scale dummy joint sample for fatigue tests is a symmetrical model of 
two dummy joint samples with simultaneous loading to compensate the bending moment. Fatigue tests of the full-scale helium 
inlet sample at 77 K have been successfully conducted in 2013. Fatigue tests of the full-scale dummy joint sample will be 
conducted in 2014. This paper represents the results of calculating the stress-strain state of the symmetrical model of the full-
scale dummy joint sample for fatigue tests with the prescribed loading and strain, the work on designing the symmetrical model 
of the dummy joint sample for fatigue tests and the test facility for conducting fatigue tests at 77 K. Also the results of the leak 
tightness tests and thermo-cycling of the full-scale helium inlet and the results of it fatigue tests at 77 K, are presented. 
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1. A symmetrical model of a full-scale dummy joint sample for fatigue tests 
 
In accordance with “Technical specification Annex B of an agreement to supply ITER PF-1 coil” [1] fatigue 
tests of a PF-1 coil dummy joint sample at a 77 K should be conducted. The tests shall demonstrate that the fatigue 
strength in the welds is sufficient to last the lifetime of the PF Coils and check the physical contact between strands 
and copper sole. In the course of fatigue tests the dummy joint sample must withstand the longitudinal strain the 
range of 4х10-5 to 9х10-4 in the course of 30000 cycles. A dummy joint represents a full-scale sample of a electrical 
joint between the adjacent straight parts of conductor (shown in Fig. 1). Dummy joint termination boxes will be 
manufactured from bimetallic (Copper-316L) plates which are shown in Fig. 2. 
 
 
 
 
Fig. 1. PF-1 coil dummy joint sample. 
 
 
 
Fig. 2. Bimetallic plates. 
 
It is seen from Fig. 1, that application of strain to the ends of the straight parts of the conductor will result in a 
bending moment. But as it follows from the “Analysis of mechanical strains in the ITER PF-5 coil dummy joint” [2] 
that the bending moment arising in the joint is supported by the coil winding pack, so that the real joint is not 
subjected to bending. Therefore, in the dummy joint sample design for fatigue tests it was necessary to create 
compensation for the bending moment. The compensation is also needed to avoid the surpassing of the moment to 
the test machine. JSC NIIEFA specialists designed a symmetrical model with simultaneous loading of two dummy 
joint samples. In using such a model the bending moments of the two dummy joint samples arising upon loading 
compensate each other; and during the fatigue tests uniaxial tension is ensured. Fig. 3а represents the general view 
of the symmetrical model of a full-scale dummy joint sample for fatigue tests with "supports" to transfer the load 
from the testing machine to the sample. JSC NIIEFA specialists designed a reverse facility unit to transform the 
compressive strain of the testing machine into the tension strain transferred to the dummy joint sample.  
 To validate the reality and necessity in accordance of the proposed symmetrical model with [1], JSC NIIEFA 
specialists carried out structural analysis of the stress-strain state of a dummy joint sample for fatigue tests using 
ANSYS software. The calculations were made based on the requirements of [1]. During fatigue tests of a dummy 
joint sample the strain of the conductor jacket should be in the range of 4х10-5to 9х10-4. According to the 
calculations, a force of 640 kN should be applied to the dummy joint sample. The distribution of longitudinal strain 
is shown in Fig. 3b. As seen from Fig. 3b practically the needed strain ε = 0.9x10-3 is achieved in the jacket of the 
conductor. As a result the main aim of the sample creation is achieved. 
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Fig. 3. (а) Symmetrical model of a full-scale dummy joint sample for fatigue tests; (b) distribution of longitudinal strain. 
 
2. Fatigue tests of a full-scale helium inlet at 77 K 
 
In accordance with requirements [1] it is necessary to conduct fatigue tests of a full-scale PF-1 coil helium inlet 
sample which is shown in Fig. 4а. According to the “PF Helium Inlet Assessment for the alternative heavy-wall boss 
oblong design” [3] the helium inlet design (shown in Fig. 4b) is useful for static and fatigue assessment. Fatigue 
tests of the helium inlet sample at 77 К should demonstrate that the fatigue strength of the helium inlet welded part 
and the conductor cable is sufficient for the entire lifetime of the PF1 coil. Fig. 4b represents the helium inlet welded 
part with the superconductor cable jacket. 
 
 
 
Fig. 4. (a) Full-scale helium inlet sample; (b) welded part of helium inlet and jacket of superconductor cable. 
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In 2013 on the JSC TsNIITMASH (Moscow) premises, which is a subcontractor to JSC NIEEFA, the fatigue 
tests of a full-scale helium inlet sample at 77 K were conducted. To conduct the fatigue tests, the equipment and 
tooling described in “1000–ton Testing Machine For Cyclic Fatigue Tests of Materials at Liquid Nitrogen 
Temperatures” [4] were used. The fatigue tests were conducted in accordance with [1] in some parts it follows 
ASTM E739-91 [5]. The following results have been obtained: 
x Strains of a helium inlet is varied in the range of εmin = 1.4х10-4 to εmax = 15.4х10-4; 
x The load on the sample is varied in the range of Fmin = 49.8 kN, Fmax = 547.56 kN; 
x The sample withstand 30,000 cycles; 
x Frequency of cycling was 0.3 Hz; 
x Temperature of the helium inlet sample was 77 K. 
To increase stability of the operation of strain sensors at 77 K a “rigid” attachment with a puller bolt was 
proposed to improve contact of the strain sensors (extensometers) with the surface of a helium inlet sample (shown 
in Fig. 5). 
 
 
Fig. 5. “Rigid” attachment of extensometer. 
 
The varied loads of the testing machine and strains of the helium inlet sample in two points in the liquid nitrogen 
are shown in Fig. 6а, Fig. 6b, and Fig. 6c. 
 
 
 
Fig. 6. (а) Load of the testing machine; (b) deformation of upper extensometer installed on the helium inlet sample; (c) deformation of lower 
extensometer installed on the helium inlet sample. 
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In accordance with requirements [1] the helium inlet sample must undergo a thermo-cycling procedure in the 
range of 77 to 293 K before the fatigue tests. JSC NIIEFA specialists proposed the following thermo-cycling 
methods: the pneumatic-hydraulic circuit, which is presented in Fig. 7a. In 2013 five consecutive thermo-cycles of a 
full-scale helium inlet sample were conducted in the range of 77 to 293 K. The thermo-cycling was conducted in 
accordance with the requirements [1]. In accordance with the requirements [1] it is necessary to validate the leak 
tightness of the helium inlet sample before and after the fatigue tests. JSC NIIEFA specialists proposed the leak 
tightness tests by the vacuum chamber method; and the pneumatic-hydraulic circuit is presented in Fig. 7b. The 
helium inlet sample was successfully tested for leak tightness, for the leak rate was not above 1×10-9 Pa·m3/s. The 
tests were conducted in full compliance with the requirements [1]. 
 
 
 
Fig. 7. (a) pneumatic-hydraulic circuit of thermocycling of full-scale helium inlet sample; (b) pneumatic-hydraulic circuit of leak tightness tests 
of full-scale helium inlet sample. 
 
3. Conclusion 
 
A symmetrical model of a full-scale dummy joint sample for fatigue tests has been designed and verified by 
ANSYS code. The full-scale helium inlet sample for fatigue tests has withstood all test stages and is in full 
conformity with the requirements of the technical specification for PF-1 coil; therewith the operability of the helium 
inlet design has been validated. The fatigue tests of the full-scale dummy joint sample at a temperature of 77 K will 
be carried out in 2014. 
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